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SUMMARY OR ABSTRACT 
/ 8713 
The primary objective of this investigation was to determine the capabilities 
of age forming 2219-T37 aluminum to a compound curved form in the configuration 
as represented by the Saturn S-IC Bulkhead Center Piece. The geometric shape 
of the part is a segment of an ellipsoidal shell. 
The fact that the shell segment was located at the Y a x i s  pole and of very small 
curvature compared to the full ellipsoid permitted substitution of a spherical 
form as the test configuration. 
A fixture was designed and fabricated with interchangeable die and punch inserts 
so that variables of thickness and depth of curvature could be investigated, 
using one aging fixture. 
of curvature retention, effect of grain direction, and growth of the alloy. 
Age formed test parts were measured to establish amount 
The data was analyzed and evaluated to obtain practical parameters whlch were 
used to design and fabricate tooling to age form sculptured blanks having a 
predetermined form after age forming. 
Four important conclusions were obtained: 
1.  The age forming of compound contoured configuration proved feasible 
and repetitive for consistent manufacturing capability. Three 
sculptured centerpieces were age formed within tolerances set 
forth in MSFC Dwg. MRGT-SK-714. 
2. The percent of retention varies with thickness. 
3. The percent of retention is greater in the longitudinal grain 
direction than in the transverse grain direction and varies at 
the same rate with respect to material thickness. 
4. Material growth occurs in all directions and varies to a limited 
extent with grain direction and thickness. 
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Thlr f i n a l  technlcal report covers the work performed from 
June 26, 1965, through Decqrnber 22, 1964, under George C. 
Marshall Space F l i gh t  Center Contract NAS 8-11717 dated 
June 25, 1964. 
This contract was conducted by The Boeing Company, Airplane 
Div is ion - Wichita Branch. 
d i rec t ion  of V i r g i l  Gerstner (Manager) and R. E. Layton (Un i t  
Chief, Tooling-Metalworking-Metallurgy) Manufacturing Develop- 
ment Section, by Robert W. Lightstone, Project  Engineer. 
The work was performed under the 
The contract was in i t i a ted  by Program R&D Branch o f  Marshall 
Space F l i gh t  Center and was administered by C. H. Haroney, 
Technical Representative, and L. A. Bowers, Alternate, Indus- 
t r i a l  Support Branch, Hanufacturing Engineering Laboratory. 
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1. 
SCOPE OF WORK 
C o n t r a c t  HAS 8-11717 was in i t i a ted  to  determine the f e a s i b i l i t y  of age forming 
double contoured par ts  to  a conf igJrat ion as represented by the S - l C  Bulkhead 
Center Plece as shown on MSFC Sketch MIST-SK-714 dated March 27, 1964, and 
revised July 30, 1964, Appendix Figure 1, and t o  resolve problems associated 
w i t h  t h i s  operation. 
The work included design and f a b r i c b t h  of a too l  in which 2219 aluminum a l l o y  
i n  137 condi t ion could be age formed t o  the T87 c o d i t i o n .  
of su f f i c i en t  strength and durabr l i t y  t o  hold the blanks t o  a predetermined 
shape during the aging process and to  accomnodate thermal expansion and ex- 
pected material growth. The one too l ing  f i x tu re  was t o  be su i tab le fo r  age 
forming par ts  o f  various constant thickness i n  two d i f f e r e n t  contours and 
a lso t o  age form the W&T-SK-714 sculptured par ts  by the use o f  removable 
d i e  and punch holding inserts. 
The too l  was t o  be 
The scope of the work covered forming o f  2219-T37 aluminum a l l o y  blanks of a 
55" diameter in  constant thickness o f  .Z5O", .5001a, and .gooaa t o  a basic con- 
tour  of x2 + $y2 = 1 and i n  the same thicknesses t o  a .650aa symetrical overform 
o f  the basic equation. 
were t o  be age formed. 
MR&T-SK-714, were t o  be age formed in a holding d i e  and punch adjusted to  compen- 
sate f o r  parameter variables determined fran t e s t  forming as follows: 
I98 Three test  par ts  o f  each thickness and o f  each contour 
Three parts, from presculptured blanks per HSFC Sketch 
f 
I 1. 
2. 
The e f fec t  o f  blank thickness on the formed part.  
The re la t ionship of depth o f  forming t o  f i n a l  contour o f  the part .  
I 
3. 
4. 
The e f fec t  of sculptured pat tern on the contour. 
The e f fec t  o f  d i rec t i on  o f  r o l l i n g  o f  blank on f l n a l  contour. 
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The Boeing Company - Wichita Branch developed the o r ig ina l  technique for age 
forming contours i n t o  s ing le curvature c i rcumferent ia l  r a d l i  type configura- 
t ions.  
hardenable a l loys  without working' i n  the p l a s t i c  range o r  exceeding the y i e l d  
po in t  o f  the material. 
This %ge formingt8 process has the unique capab i l i t y  o f  forming age 
The parameters f o r  manufacturing o f  s ing le curve configurations have been wel l  
established and are being used in  production. However, prel iminary research 
has indicated tha t  in  the age forming o f  compound contoured parts the gra in  
d i rec t i on  as produced by the r o l l i n g  process used i n  sheet and p la te  manufac- 
tu re  would produce var iat ions i n  curvature d i r e c t l y  related t o  the gra in  
d i rect ion.  
The e f fo r t  under t h i s  contract was t o  determine the f e a s i b i l i t y  o f  age forming 
compound contours. The approach was t o  tes t  age form a s u f f i c i e n t  number o f  
compoiind contoured par ts  to  determine and evaluate the character is t ics  which 
could be used t o  establ ish the compound contour age forming parameters for 
dluiitinum a1 loy 2219-T37. 
Test P r w r a m  
REV SYM: 
The t e s t  p r o g r a  was set  up to  age form a series of 2219-T37 aluminum 
panels as follows: 
1 .  Three .250tt th ick,  three .50O1' th ick,  and three .goo" t h i c k  55" 
f an e l  1 ipsoid described ymnt 4d i m .  blanks age-formed to a s 
by the ro ia f i on  o f  ari e l l i pse  
27.5 about the Y axis. 
+ 2y - 1 from X = -27.5 t o  X - 
1 982 
2. Three .250" thick, three .500" th ick,  and three .gooc1 t h i c k  55" 
1. 
dia. blanks age formed w i t h  a .65oii symetrical overform o f  the 
e l  1 ipse q u a t  ion '7x2 + 2Y2 
198 
3.  Three blbnks sculptured to  produce a pa r t  t o  conform w i t h  the S- lC  
Center Piece as ca l led fo r ,by  MSFC Dug. MRbT-SK-714 (Appendix Fig. I ) .  
Measurements were made of t h e  age formed constant thickness par t  t o  determine 
the radius o f  curvature, w i t h  and across the g ra in  d i rect ion,  and material 
growth resu l t ing  from the aging forming process. 
analyzed t o  set up parameters to  be used t o  compensate f o r  springback and 
material grawth i n  the age forming of the sculptured parts. 
The measured data was 
E-3033 
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The constant thickness tes t  blanks were machined both sides to  the required 
thickness and were cut  t o  a diameter o f  55.09g'I +.l25/-.OOO inches. 
scr ibe l ines  were made on one surface, consist ing of four d ianet r i ca l  l ines,  
indexed t o  the gra in  d i rect ion,  and f i v e  concentric c i r c l e s  were scribed w i th  
5-inch to 25-inch r a d i i  in  5-inch increments and one c i r c l e  w i t h  a radius o f  
27.549 inches.(See Appendix.Figure 2). 
measuring points. 
the convex surface of the part.  
L ight  
This gr idding was used to  locate 
The blanks were age formed so tha t  the g r i d  appeared on 
NO. NAS 8-11717 
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Mechanical propert ies o f  the tes t  pa r t  material In T37 condi t ion were deter- 
mined by laboratory tests  on sample coujxms from par t  t r i m .  
cut  from one constant thickness par t  In each thickness a f te r  the age forming 
process t o  provde mechanical property deta fo r  the T87 condition. Results o f  
these tests  are found i n  Appendices C and 0 .  
Test coupons were 
The aging f i x t u r e  MIT-RSC-MRGT-SK-714 was designed in  a-two-piece octagonal 
box shape w i th  rad ia l  internal  reinforced structure. Each sectionpiece sup- 
ported a removable d i e  or  punch insert.' Eight s lo t ted  latches were used t o  
lock the f i x t u r e  under pressure during the aging process (Appendix Figure 12). 
The s t ructure was stress calculated f o r  a c losing and holding load o f  152,000 
lb. (Appendix E). 
Welded 6061-T6 aluminum was used throughout the s t ructure in order t o  maintain 
equal thermal expansion rates in  the f i x t u r e  and the t e s t  parts. The d i e  and 
punch inserts used wi th  the sculptured par ts  were fabricated from k i r k s i t e  i n  
order t o  permit an economy i n  the technique used to  obtain the desired punch 
and d i e  configuration. Production inserts of cast aluminum are equally feasible. 
The d i e  and punches used t o  hold the constant thickness t e s t  par ts  were shaped 
t o  conform in  cross-section to  the section o f  a c i r c l e  w i th  the equation o f  
x2 + y2 = 1. 
279.2832 
This configuration does not vary f ran  the  e l  1 ipse equation 
x2 + 2y2 P 1 more than .002 inch over the in terva l  o f  X = -27.5 t o  
X = 27.5 and permitted conventional machining 198' 
operat ions (Appendix B) . 
The .650''symetrical overform was establ ished by adding a percentage of the 
t o t a l  overform tb  the ve r t i ca l  distance from a hor izontal  l ine,  through the 
pole of the arc, t o  any point  on the arc a t  the same r a t e  as the r a t i o  as 
t h i s  distance was to  the t o t a l  chord height (Appendix A). 
, 
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Test P rocedu re  
The tes t  par ts  were age formed by placing the f l a t  blanks between thd punch 
and d i e  inserts and c los ing the  f i x t u r e  in a hydraul ic press. 
was then locked i n  a closed pos i t ion  by d r i v ing  wedges i n  the s lo t ted  latches 
whi le  under pressure o f  152,000 lb. 
t o  a heat t reat ing oven whe.re the t e s t  par t  was aged fo r  twenty-four hours 
a t  a temperature of 325OF. f1O0F. 
aluminum par t  from 2219-T37 t o  a ~ 8 7  condit ion. The furnace used f o r  the 
aging process was a conventional furnace which i s  c e r t i f i e d  f o r  temperature 
uni formity,  etc., per established q u a l i t y  control  procedures. Cer t i f i ca t i on  
data i s  on f i l e  in  the Qua l i t y  Control Department o f  Boeing-Wichita. 
A f te r  cool ing t o  a maximum of 125'F. the par t  was removed from the f i x t u r e  
and the chord height a t  1" intervals o f  the chord length were measured along 
each of the diametrical scribed l ines.  The increase i n  surface length over 
the diametrical length of each concentric scribed c i r c l e  was measured t o  
determine material growth. Material thickness growth measurements were 
made on selected tes t  par ts  i n  each thickness. 
The f i k t u r e  
The aging f i x t u r e  was then transferred 
This heat t rea t ing  process transformed the 
The measurements o f  the tes t  parts were made wi th  the par t  supported on a 10" 
diameter rubber disc a t  the center o f  the concave side. 
near f ree  standing par t  and eliminated d i s t o r t i o n  induced by the pa r t  weight 
and i r r e g u l a r i t i e s  when supported on the edge, o r  i n  a f i x t u r e  (Appendix 
Figures 13 & 14). 
sions and estimated t o  the nearest .005". 
micrometer and by Vidigaging. 
Test Part No. 6 was age formed w i t h  an eight- inch diameter center cut-out in 
order t o  observe the effect on growth and springback. One t e s t  pa r t  in  each 
thickness and each f i x tu re  curvature was subjected t o  closing and then open- 
ing of the f i x tu re  a f te r  which i t was measured t o  determine presence o f  any 
permanent set. No permanent deformation was incurred in  any o f  the tes t  
parts. 
This method gave a 
Hater ia l  growth was measured by a scale w i th  . O I O t t  d i v i -  
Thickness growth was measured by 
Two of the sculptured par ts  MET-SK-714 Nos. 1 G 2 were age formed without 
the center 8" die. hole t o  permit observation of consistency w i t h  constant 
thickness par ts  (Figurcs 16 and 17). Part  MR&T-SK-714 No. 3 was age-formed 
w i th  the 8" dia. center hole. Also an 8" diameter hole was machined in  the 
MRcT-SK-714 No. 1 pa r t  a f te r  age forming and measuring t o  determine e f fec ts  
o f  the center c i t -out .  
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EVALUATION OF RESULTS 
Mater i ad 
Aluminum Al loy 2219 i n  T37 condit ion was the material used f o r  the t e s t  
blanks. 
of 24 hours produced the ~ 8 7  condit ion i n  the age formed par t .  
the mechanical propert ies o f  the material used i n  t h i s  invest igat ion i s  
shown by Appendices C and D. 
The age forming operation o f  heat t rea t ing  a t  325OF. f o r  a period 
Analysis of 
A comparison w i th  the standard.minimum average tens i l e  y i e l d  and u l t imate 
strength reveals that  age forming produces no detrimental e f fec ts  on the 
material strength, i n  fac t  there i s  an ind icat ion o f  a s l i g h t  increase in  
mechanical propert ies. 
General Considerations 
The most important parameter e f fect ing the abi 1 i t y  t o  age form to  a rdquired 
conf igurat ion i s  the amount o f  overtform tha t  w i l l  be requtred In the s)ging f i x -  
tu re  t o  overcome! the i n a b i l i t y  of the mater ia l  t o  re ta in  the  f u l l  conf igurat ion 
o f  the f i x tu re .  The segment o f  an approximate spherical she l l  shape o f  the S - I C  
po lar  cap places the spherical rad i i  as the basic measurement for data accumula- 
t i o n  and evaluat on. The data assembled from work sheets (Appendix F) showed 
tha t  i n  the compound contour of  the t e s t  shape, the retent ion of r a d i i  i n  the 
longi tudinal  g ra in  d i rec t i on  were greater than the retent ion o f  r a d i i  ' i n  the 
transverse gra in  direct ion.  The radius o f  the developed pa r t  was ca l  u lated 
by measuring the chord height along 1 ines pa ra l l e l  t o  the gra in  a d p rpendi- 
where CH = cu la r  t o  the gra in  d i rec t i on  and using the equation R = 
chord height, CL = chord length, and R = radius.. The percent o f  re te  t i o n  was 
based on the residua s t r a i n  i n  the par t  as calculated from the equa ion, 
percent retent iof f  = 
T = thickness and the subscripts "p'l and "f" represent the developed par t  
and the f i x t u r e  respectively. 
Ti 4CH2 + CLg 
8CH rJ 
4 \ 
X 100, with S = calculated from s t r a i n  (S) = 5 where 
S f  
A graph was prepared (Ffgure 3) usfng the f i x t u r e  radius as the ordinate and 
the developed radius as the abscissa. The average o f  the radi i  in  the trans- 
verse and in  the log i tud ina l  grain d i rec t i on  fo r  each materiel thickness for 
8 
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the  two f i x t u r e  r a d i i  were used t o  establ ish the points on the graph. 
important parameters were shown by the graph. 
of the Rp t o  Rf for  longi tudinal  g ra in  d i rec t i on  decreases s l i g h t l y  as the 
thickness increases. The ra te  o f  change in  the transverse gra in  d i rec t i on  
d i d  not vary consistent ly as the thickness varied; the .25O" and . g O O l l  th ick- 
ness rates o f  change are s imi lar  whi le the value o f  change o f  the .500" th ick- 
ness increases w i th  increase of radius. The surface grawth also i s  found to  
increase w i th  increase in material thickness (Figure 4). This is understood 
because o f  the relat ionship between S C T in  the equation S = m. 
thickness also increases during the age forming process. 
used t o  ca lcu late a blank size. 
Several 
The ra te  of  change i n  the r a t i o  
T Material 
This factor  was 
To achieve the f i n a l  ob ject ive of the project ,  the forming o f  the sculptured 
pa r t  of various thickness t o  a spherical shape, correct ive measures were re- 
quired t o  provide f o r  the material growth and fo r  the di f ference in the amount 
o f  correct ive retent ion i n  the transverse gra in  d i rec t i on  and i n  the longi tudi-  
nal d i rect ion.  
pa r t  blank as shown in  Figure 5. 
The growth factor was compensated fo r  by re-dimensioning the 
The adjustment f o r  the differences in percent of curvaturestetention require 
a f i x t u r e  having a surface configuration produced by the t race o f  an arc 
rotated about i t s  pole, w'ith,.the radius cycl ing from a maximum t o  a minimum 
and back t o  a maximum during 180" o f  rotat ion.  
Looking toward the production future o f  age forming as w e l l  as the d i rec t  
fabr ica t ion  of the MET-SK-714 test  specimens, a l ternate methods were con- 
sidered. A method was sought t h a t  could avoid the i n i t i a l  preparations fo r  
numerical control  machining or could avoid the numerous coordinated template- 
type hand-formed f i x tu re  approach. 
A unique and novel method was developed by which the desired conf igurat ion 
could be fabricated using only  conventional machines and manufacturing 
techniques and iequ i r ing  a nominal manhour expenditure. 
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This too l  ing concept was developed as follows: 
1. 
2. 
3. 
4. 
5 .  
6 .  
7. 
Usipg the F ix ture Radius / Developed Part Radius Graph (Figure 3) 
i t  was found that  t o  produce a developed radius o f  279.238" (MRBT- 
SK-714 spherical radius) the f i x t u r e  would require 238Il radius in 
the par t  longi tudinal  d i rect ion and 206" radius i n  the par t  trans- 
verse direction,. 
Using the graph again and'using the 238Il radius in the transverse 
d i rec t i on  and 206" R i n  the longi tudinal  direct ioM the f i x t u r e  
radius i s  determined. as 181". 
A d i e  and punch f i x t u r e  was then machined t o  the 181" spherical ' 
radius and a blank cal led the.R&D Haster was age formed (Figure 1.5). 
The radi  i of the RBD Master was 238" and 206" as requi red and ant i -  
pated (Figure 15). 
Plasterpatterns were made o f  the cdnvex side and o f  the concave s ide 
o f  the RGD Master. 
(Figures 18 th ru  21). 
Grain d i rec t i on  was indexed on the patterns 
I n  tu rn  the p laster  patterns were used to  cast a k i r k s i t e  d ie  and 
punch set for the aging f ix ture.  
on the k i r k s i t e  punch and d i e  set. 
The MRGT-SK-714 sculptured par t  was then placed in  the aging f i x t u r e  
but w i th  the par t  g ra in  d i rect ion rotated 90" from that  o f  the d ie  
and punch. 
reversal occurring between Steps 2 and 3 above. 
The gra in  indexing was maintained 
This operation was required t o  adjust f o r  the g ra in  
Acje forming of the par t  clamped in the f i x t u r e  produced the required 
279.3" spherical radius p a r t  w i th in  tolerance requirement. 
Parts MR&T-SK-714 No. 1 and No. 2 were age formed f ran  sculptured blanks with- 
out the 8" diemeter center cut-out. Part  MR&T-SK-714 No. 3 blank was machined 
w i t h  the 8It dia. cut-out p r i o r  t o  age forming w i th  the exception of the 8" 
center diameter o f  the Parts No. 1 B No. 2. A l l  three par ts  were very c lose 
t o  the  required basic contour and a l l  w i th in  the .06011 deviat ion allowance. 
The ra te  of chawe d id  not exceed the .050" i n  10" i n  any par t  w i t h  the ex- 
ception o f  a loca l  area wi th in the 8" center area o f  Parts No. 1 & No. 2 
(Appendix Figures 6 th ru  11). 
There i s  a s l i g h t  t u rn  up on the edge o f  the parts and an underform in  the 
center 8" dia. area on a l l  parts. This condi t ion was expected as the forming 
parameters were selected on the basis of an average thickness. Complete cor- 
rect ions could have been accomplished by select ing separate r a d i i  f o r  each 
REV LTR: I SECT  PAGE IO 
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different thickness and machining the punch with the multiple radii 
configuration. 
Conclusions 
1. The effect of grain direction and material thickness is consistent and 
can be predicted from tables established with accuracy sufficient fpr normal 
tolerance requirements. 
2. 
balanced by adjustments in the holding fixture design. 
3. 
trical shell segment i s  feasible and within the normal manufacturing capa- 
bil ities, 
The effects of sculpturing in asymnetrical pgttern cab be predicted and 
The age forming of double contoured configuration in the form of a symme- 
4. By taking advantage of the effects of grain direction upon age formed 
contours an economical two-stage method of tool fabrication was developed 
that will reduce production tool and part fabrication costs and use con- 
ventional machines (See Page 10). 
Recomnendat i o m  
1. It is recommended that further research be done on compound contoured 
symtrical shell configurations. 
but should have a shorter distance between foci and also have greater eccen- 
tricity. 
The contours should not be so near spherical 
2. An investigation to determine the parameters of various age hardenable 
metal alloys should be conducted in single and compound contoured configura- 
tions. Included should be the fusion weldable aluminum alloys 7002,7039,&X7106. 
3. A wider selection of material thickness age formed in a more than one 
degree of overform should be studied. 
4. It is further recomnended rhat the nature of  residual stresses in both 
surfaces of the age formed parts be investigated and compared with similar 
stresses developed by conventional forming. 
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v 
Empirical Method for Svmetrical Overform 
Y 
I 
FIG. 1 Translation o f  Ellipse 
x2 + 2Y2 
1 982 
x2. 2Y2 
= 1 i s  t ranslated to 
1 982 The X Axis of  the E l l ipse  
coincide with the  Chord of the Curve a t  X = 27.5 
A t  X = 27.5 Y = - j j  
Y =  138.650 
Translating the Curve Equation becomer 
Y + 138.650 = -qv 
y Y = d1982 2 - x2 - 138.650 
REV SYM: 
FIG. 2 Y = - 138.650 I 
H'!IN& NO. NAS 8-11717 
i 
f - A  
i 
I 
0 ' 6  = Total  Chord Height ( X 4 )  = q p  - 138 
For Point P 
Chord Height of Chord Thru P" = AB .= 0 ' 8  - O'A. 
The Empirical Devised f o r  Symetrical Overform i s  t o  Add t o  the  
Chord Height (AB)  a t  any Point  PI the same percent of Maximum Overform 
K as the percent o f  the Chord Height (AB) a t  tha t  po int  i s  t o  the Total  
. Chord Height (Ole). 
L, 
The Empirical Equation for  the above becomes Total Overform Chord Height 
Subst i tu t ing Equet ions (11, (2) 
(t-0 138.650) 138.650j  + 1.357 - Ln t K 1.357 - [ 1.357 
n =1.357 E 3 5 7  - (f+.- 138.651 + 1.357' - 4- - 138.650) 
+ 1).(140.007 - Ln = '1.357 
For K 31.650 Ln = 1.479 (140.007 
REV SYM: 
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- ._ I- x2 + 2Y2 X2 + T2 = 1 and C i r c le  = 1 from 
1 982 279. 73a2 
X = -27.5 t o  27.5 
w Variations of  E l  1 ipse 
0 
1 
€-m33 
I 
E 
i 
1 
E l  1 ipse 
DE = 140.007 -1- Circ le  ' DC = 279.238 - 
ih - DE 
0 0 
1 .002 
2 .007 
3 .016 
4 .029 
5 .043 
6 6 5  
7 .088 
8 .115 
9 .145 
10 .I79 
11 -217 
.258 
.303 
12 
13 
14 .351 
1s .403 
16 ,460 
17 .518 
18 . .582 
19 .647 
20 .717 
21 .791 
22 -869 
23 .949 
24 1.033 
25 1.122 
26 1.213 
27 1.309 
27.5 1.359 
- DC 
0 
* 002 
.007 
.016 
.029 
043 
6 5  
.088 
-114 
.145 
179 
.217 
.258 
.302 
.350 
.402 
.458 
-517 
.581 
.646 
.716 
.790 
.867 
.948 
1.032 
1.121 
1.213 
1.308 
1.357 
-- - - - - - -  - - 
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QUALITY CONTROL LABORATORY REPORT Q 28682 I 
mrnnn 
F'?e 22l?-T3? s?ecimns xere tensile tested k i t h  r e s u l t s  as follow: & I  
& . 
L2 0.5048 X'  r3-25111 C,1269 
L3 O.5038 x 0,2507 c.1263 
T1 0,5953 x L2522 2.,127& 
T2 2,SCh X C.2520 0,1270 
T3 0,5029 x 3.252b 0.1269 
12.020 lh.230 
12;360 U;52O 
11,980 13,980 
13,920 lb,720 
P .- Continued - 
19 
19 
19 
17 
16 
18 
21 
22 
22 
23 
22 
21 
21 
23 
22 
21  
22 
20 
(I I . ‘  -- - -  
0.2015 
.0.2025 
om 2626 
9.2321 
0,2010 
0,1?996 
Y m J D  
IlO 
L9. - 
9,280 
9,293 
9,253 
E ,130 
&339 
F,21i3 
9,569 
9 , m  
S,3LO :, so0 
$1,3?2 
!3,3&0 
ULTIiYBTE 
LOAD 
L B O  
11,250 
11,330 
11,333 
11,522 
ll,&OO 
11,350 
11,520 
11, SLO 
u,6&0 
3l,5bO 
11,3bO 
U.,710 
YIELD mNSIm 
STRENGTH STRENGTH 
PSI psr 
, The s q k s  :cere destroyed in t es t ing  2nd the remnants diwosed of as scrap. 
* - .  - -  
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1 
20 43.5 
21 &he 2 
- 22 w1.2 
17 32.9 
18 3 L 9  
1% 35.8 
20 &9. L 
20 L2.0 
kL-- -*- c - 
QUALITY CONTROL LABORATORY REPORT Q 
Test resalts uere as shown by the following d a b  
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